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Cooperative Agreements With
U.S. EPA

o Cooperative agreements between MBI &
CABB and U.S. EPA — initiated Oct. 2000 and
Aug. 2001.

* Promote and demonstrate the role of biological
assessment and criteria iIn WQ management.

o Examine relationships between biological
criteria and biotic and abiotic stressors.

e Regional biocriteria development in streams
and large rivers.




30 Years of Progress
Through Partnerships:

Biological Indicators

Susan Jackson, US EPA Biological Criteria Program



What Is Adequate Monitoring &
Assessment (M&A)?

* Biological, chemical, & phys@%ndlcators

Adherence to stressor, e&sare response
roles — avoid use of surgoa@ates.

Data Quality Objecti Qadequate for the

Intended purposeQ uld be defined by WQS).

Design (scale, s nce, intensity) meets
multiple manxment ISsues and needs.

The orode&M&A is the assessment, not just
Jo

data rich, information poor

the data
syndron{e

Professionalism — expertise in key disciplines




A Systematic
Process

ﬂ Expﬁsure




Three Principal Objectives of
Systematic Bioassessment

Determine if use designations are
appropriate and attainable

Determine condition and status of the
resource (including causal associations)

Are changes taking place over time?




Issues of Large River
Bioassessment

* Methods Issues — comparability, accuracy
* Bioassessment — calibration, validation
e Status and trends — sites, reaches, segments

e Scale issues — how much of a large river needs
to be assessed?

e | ocal vs. reach scale issues.

* Support of multiple water quality & resource
management objectives — will require
consideration of multiple sampling designs.
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Fish Assemblage Assessments of Large
and Great Rivers in the Upper Ohio Basin

Major Ohio Rive

Tributaries
OhiQ,EPA

ORSANCO ™3
(1992-present) *uf
Ohio EPA 3

(1986~1992)
Gammuo#a
(1971-1978)
Electric Utilities
(1974-present)



e r Prog ram s '
- ORSANCO — night electroflshlng IBl developed,;

macroinvertebrate method in development; in
process of adopting in standards.

= \Wisconsin — daytime electrofishing, IBl developed;
exploring macroinvertebrate methods; not in
WQS.

= Ohio EPA — daytime electrofishing, IBl developed;
macroinvertebrate method and index established:
adopted in WQS.

= Other Region V States — most have developmental

projects underway; some conduct assessments.
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The concern |s about the ——
;“’am % - i S

- comparability and accuracy of the e
T resulting assessment of : .
One mile

wow: environmental quality that are  FEoREss
“motrin produced by the States and others gms =

B — methods and the execution of the

sampling Is the genesis of some
Iargely unrealized problems.

-
0‘

: ‘
B ORSANCO{(Ohie R)-¥
& 500m of shbreline; nighttime sampling;
5000 W, 120 Hz; 1 netter (1/4” mesh); motor
n downstream digection
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Net-based methods
(including kicks,
dips, jabs, sweeps,
& picks)
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- Each state has
sampled large
rivers for >25 years




INg a bleassessment process
curately describes the biota and

The use of re
datasets to support biocriteria
erivation and calibration




St Croix River
FE91 .0 Sg. Mi.

Chippewa River
BEET 6 Sg. M

Mississippi Headwaters
20,1003 Sq h .
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Three Projects beglnnlng In 2004: .
Y e B e Jzzso Mﬂ

1. Fish assemblage methods A|_8051.2 56 Wi
comparison — direct field comparison
with State, Municipal, and other orgs.

) Scmtuner

551?55q M i.

2

Wiisconsin River

V’ o~ |12.036.3 5. M.
’ Rock River
f" m 9151 Sq M.

Hlinaiz River
f258,813 1 Sq r-.-1|

. REMAP Large Rivers — eleven large _
river tribs. to Upper Miss. & Ohio R. (5 ;5",’5532“5;‘_’%._
states) — probability design.

3. Application of EPA TALU concepts to
non-wadeable rivers — targeted
sampling of specific reaches.

fO r S EIECtEd Wate rShEd S ‘ * Area calculations are based on 11 -digit HUC \ Jﬁ; ?
. . | watersheds, except for Missouri River, which “T ]
In the M Idwe Ste rn States * II| was calculated using USGS &-digit HUC 2. - -' 1’&.& -ﬁ#::




Kennebec River (2002-5)
= Wyman Dam to Merrymeeting Bay (30
sites, 2 test areas)

= Follow-up Waterville to Augusta (2002-5)
= Atl. salmon nursery habitat survey (2003)

Allagash B, Y Androscoggin River (2003)
' e LN ok R. (2005) = Errol, NH to Merrymeeting Bay (51 sites)

Sebasticook River (2003)
» Douglas Pond to Winslow (9 sites)

Penobscot River (2004)
= N. Br. To Hamden (40 sites); included W.

prOjeCt that ributaries
“scratc h " jash (5 sites),

........... \—~ —.vew,, —-. Croix (12 sites)

Cooperators
* U.S. EPA, Region | e St. Croix IWC
* U.S. EPA, HECD e Maine DOC
* Maine DEP o NFWF
* Maine DIFW e GOMCME
e - Electrofishing site  Maine DMR e SRWA
* Maine ASC
U.S. F&WS

* Penobscot Indian Nation
* Trout Unlimited



Tahle 1. Key characteristics of a boat electrofishing protocol applicable to Maine and Mew England large river hahitats.

Rivering Rivering Riverine Riverine
Wadeahle®  High Gradient Mod. Gradient Low Gradient Impounded Impounded Tidal
CategoryfAttribute {Low-Mod. Cond.”j (Low Cond.) (Low Cond.) (Mod. Cond.) (Mod. Cond.) (Mod. Cond.)  (High Cond.)
1. Drainage Area <500 mi® <500 mi®  =500-1000 mi®  =1000 mi NA MNA NA
2. Platform Georator® 14’ raft® or 16" johnboat 16" johnboat 16" johnboat 16" johniboat 16" johnboat
(hank setftowboat) 12" johnboat or 16" raft®
3. Crew Size 3 persons 2 persons 3 persons 3 persons 3 persons 3 persons 3 persons
{Z netters) (1 netter) (2 netters) (2 netters) (2 netters) (2 netters) (2 netters)
4. Electrofishing Unit GPP 25, 50%orGPP 25 500r GPP50or GPP 5.0 or GPFF 5.0 0r GPF 5.0 or GPP 500r
equivalent equivalent equivalent equivalent equivalent equivalent
5. Power Source 2500-5000 Watt 5000 Watt 000 Watt 5000 Watt 5000 Watt 000 Watt 000 Watt
Alternator Alternator Alternator Alternator Alternator Alternator Alternator
6. Unit Setlingsr High High High Low or High High Low or High Low
120 Hz 120 Hz 120 Hz 120 Hz 120 Hz 120 Hz
2-4 Amperes  2-4 Amperes  4-8 Amperes  2-4 Amperes  4-8 Amperes  =3-15 Amperes
(% of Low or High Range) (100%) (100%) (60-100%) {100%) (G0-100%) {50-80%)
7. Anodes® 2 gangs 3 gangs 3 gangs 3 gangs 3 gangs 2 gangs
d. Cathodes &' a a g a' a
9. Sampling Direction & Upstream Downstream Downstream Downstream  Downstream  Downstream  Downstream
Distance 0.51.0EKm 1.0 Km 1.0 Km 1.0 Km 1.0 Km 1.0Km
10. CPUE" Basis Per Km FPer Km Fer Km Per Km Per Km Fer Km
11. Time Sampled' 3500-4500s  4000-5500s  3500-4500s  3000-4000s  3000-4000s  3500-4500s
12. Time of Day Day Day Day Day or Might  Day or Might Day

= @ <t koo

Wadeable defined as sites where a raft or boat mounted apparatus cannot be used due to shallowness of depth — accessibility is not a criterion.
Twpical relative conductivity ranges: Low (15-40 psim®); Moderate (40 — 200 psim®); High (=200 psfm?).

Employs a primary net ring as the anode that is operated by the primary netter backsd by an assist netter - the unit is gither bank set or towed on a small skiff

(towboat).

This platform was extensively tested in 2005.

This platform has not been tested in Maineg, but it has worked well elsewhere and in similar conditions.
This doss not constitfute an endorsement of a particular brand or product name and is for methodological identification only.

Unit settings are selected to produce the highest voltage and amperage output; these are what typically worked in each conductivity range and habitat type.
Anocdes consist of gangs or multiple sfrands of wire as described under Equipment Specifications.
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CONDUCTIVITY (vS/cm?)

MAINE RIVERS ELECTROFISHING (2002-3)
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Major River Basins in New England 5.

St. Johns 3
Successful IBI .
: ¥ 2005
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Tiered Aquatic Life Uses:
A Tool for Ecosystem
Management

Hydrologic Alteration and Ecological Communities in the East
Amherst, MA, UMASS and TNC
October 20, 2005
Susan Davies, State of Maine, and Susan Jackson, U.S. EPA



F o} United Siates
w Em Emvironmental Protection
Agency

Use of Biological Information to
Tier Designated Aquatic Life Uses in
State and Tribal Water Quality
Standards

August 2005



Tiered Aquatic Life Use Conceptual Model: Draft Biological Tiers

1 Natural structural, functional, and taxonomic integrity is preserved.

Structure and function similar to natural community with some additional
taxa & biomass; no or incidental anomalies; sensitive non-native taxa may
be present; ecosystem level functions are fully maintained

The Biological Condition Gradient:
A conceptual model for interpreting detrimental change In
aquatic ecosystems

Susan P. Davies and Susan K. Jackson
(Ecological Applications [in press])

conspicuously unbalanced distribution of complexity a’nd redundancy: increased
major groups from that expected; organism build up or export of unused materials.
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Extreme changes in structure; wholesale changes in 6 anomalies may be frequent;
taxonomic composition; extreme alterations from ecosystem functions are
normal densities; organism condition is often poor; extremely altered.
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U.S. EPA Aquatic Life Uses Working Group




Biological Criteria: |

 Narrative ratings or numerical values which
are based on the numbers and kinds of
aguatic organisms (1.e., assemblage) which
are found to Inhabit a particular stream or
river sampling location.




Biological Criteria: |l

 Biological criteria are indexed to the
reference assemblage of aquatic organisms
within a particular geographical region (i.e.,
ecoregion) and with respect to stream and
river size.




Establishing Reference Condition

|. Reference Sites

 Minimally to least impacted sites.

e Cultural setting & abiotic criteria — qualitative
process used in 1980s.

» Subsets of sites needed for different ecotypes,
water body types, and regions.

e Part of routine monitoring — resampling over a 10
yr. time interval*).

*-acomplete set of re-sampled reference data (1990-
1999) is now available for Ohio.




Establishing Reference Condition

ll. Reference Condition

e Data collected at reference sites.

A distribution of data, not a single fixed data point.

e Should include upper tiers of Biological Condition
Gradient.

 Alternative approaches can be used when empirical
data Is lacking (historical archives, expert panels).

o Used first to calibrate metrics, then to set biocriteria.




Assessing Biological Integrity in Running Waters

A Method and Its Rationale - GUIdellneS for DerIVIng
| Regionally Relevant “ Bl
Kb - Type” Assessment Tools

Philip R. Yant
Isaac ]. Schlosser

ﬂﬁ*ﬁ%ﬁm i « Karr et al. (1986) provides guidance
i o . can
W S for metric development, substitution,
fr and modification.

« Requires detailed knowledge of the

’ ‘/ regional fauna including life history,
) taxonomy, zoogeography, and
natural history.

*  <Requires an extensive database from
\/ consistent sampling of both

N reference condition and a gradient of
human disturbance.

iy Requires extensive testing of

candidate metrics and aggregate
Indices.

e
ra
%
3
” b ;
A ,’_"‘x\‘

Ilinois Natural History Survey
Special Publication 5 September 1986



Least Impacted
® Fish
A Macros

Modified Sites
B Fish
® Macros
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Native Fish Species Richness

Native Fish Species Richness

Wading and Héadwater Sites. w e o

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

10 100 1000

DRAINAGE AREA (SQ MlI)

Boat Sites .

DRAINAGE AREA (SQ MI)

Calibration of Metrics
Using Regional
Reference Sites

« Scatter plot of metric value by
appropriate calibration vector (e.qg.,
watershed area).

e Determine 95% maximum line of
best fit across surface of scatterplot;
driven by best reference sites.

* Area beneath 95% line is subdivided
(e.g., trisection) to determine metric
scores - most data points should
OCCuUr in upper ranges.

 This method reduces the influence
of slightly degraded sites that may
not biologically reflect the intent of
reference condition.

« Slope of 95% line conservatively
assumed to be zero for boat sites.



Ohio IBI Calibration & Biocriteria Derivation Process

INDEX OF BIOTIC INTEGRITY (IBI)

60

50

40
30

20

12

IV

Native Fish Species Richness

l. Select & sample
reference sites

BOATABLE REFERENCE SITES: 1980-89

40
351

Boat Sites B

30
25
20
15

L
1000

DRAINAGE AREA (SQ MI)

Calibration of IBI metrics

I 75th %lle as I T
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T
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I : i “CWA minimum”
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HELP Ecoregio
is highly
disturbed 1
N =42 N=24 N =41 N=52 N=119 ]
HELP IP EOLP WAP ECBP

. Establish ecoregional

patterns/expectations

[ e Bl ]

Eu—hu—a
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V. Derive numeric bhio-
criteria: Codify in WQS

Metric

Number of Species

%Rnd-bodied sucker >38

No. of Sunfish Spp.
No. of Sucker Spp.
Intolerant Species
%Tolerant Species
%0Omnivores
%lInsectivores
%Top Carnivores
%Simple Lithophils
<600 sqg. mi.
>600 sg. mi.

%DELT Anomalies

5 3 1
>20 10-20 <10
19-38 <19
>3 2-3 <2
>5 3-5 <3
>3 2-3 <2
<15 15-27 >27
<16 16-28 >28
>54 27-54 <27
>10 5-10 <5
>50  25-50 <50
Varies x Drainage Area
<0.5 0.5-3.0 =3.0

Relative Abundance >450 200-450 <200

lIl. Calibrated IBI modified for
Ohio waters
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VI. Numeric biocriteria are
used in bioassessments



Ohio Biological Criteria: Adopted May 1990
(OAC 3745-1-07; Table 7-14)

Huron Erie Lake Plain (HELP)

Use Size 1Bl Miwb 1CI
WWH H 28 HNA 34
W 34
3 86
MWH-C H 20 NA 22
W 22 56 22
B 20 57 22
MAH-1 B 30 5.7 NA

Easternn Corn Belf Plains (ECBF)

Lise Size 1Bl Miwb ICI

WWH H 40 MNA 36
W 36

MWH-C H 24 NA 22
w24 6.2 22
B 24 5.8 22

MWH-I B 30 6.6 MNA

Interior Plateau (1P)

Use Size 1Bl Milwb ICI

WWH H 40 NA 30
W 40 81 30

<B_38 87 an—
MWH-C H 24 NA 22
W 24 6.2 22
B 24 58 22
MWH-l B 30 66 NA

Huran-Erie !
Lake Plain Erig-Ontario
(HELF) Lake Plain
y [EOLP)
I
)
= % Eastern
Corn Belt Wastern
Plain AlFl'?gheny
ateau
[ECEM) (AP
e
'l'r;terlur I:LJ‘JJ
ateau
R ’7Lw; e
AN
Il"“

Statewide Exceptional Criteria
Use .Size |IBI Miwb ICI
EWH H 50 NA 46
W 50 94 46
<E 48 96

46>

7

Erie Onfario Lake Plain (EQOLP)
Use Size IBI Miwb ICI
WWH H 40 NA 34
W 38 3 34

<_H ] Al
MWH-C H 24 NA 22
W 24 6.2 22

B 24 58 22

MWH-I B 30 6.6 NA

Western Alfegheny Flateau (WAF)
Use Size 1Bl Miwb ICl

WWH H 44 NA 34

W44 84 34
<B 40 88 3>
MWH-C 24 NA 22



Exceptional Range of reference dataset
/ “Anchors the BCG”
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Biological Criteria: 111

 Biological criteria represent a calibrated

assessment tool which fosters an organized
goal setting process in an effort to reconcile
human impacts and guide restoration efforts.




Maine DEP Biloassessments

St. John's

Penobscot,
St. Croix, &
Down East

Kennebec .

Androscogin ¢

2002

2003

2004

Beas -
- > .
¥ ¥ 3

R ¢, Presumpscot
y \ 2005
’ Saco & IIIII

: 2006
Piscataqua



ESTIMATED TSS (KG/DAY) FOR THREE PULP
AND PAPER MILLS ON THE PENOBSCOT RIVER
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GENERIC RICHNESS
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RELATIVE ABUNDANCE OLIGOCHAETA

1.0
0.9
0.8
0.71
0.6

W. Br. PENOBSCOT
0.57

0.4

=== |INCOLN (ABOVE)
=== | INCOLN (BELOW)
0.3t == COSTIGAN

0.21

0.1¢1

o.o—-—A,<:\z

1974 1981 1992 1993 1994 1995

LL]
O
Z
<
a
Z
>
0
<
-l
<C
I_
O
l_
0
L]
l_
L
<
T
O
O
O
-
O
LL]
O
Z
<
a
Z
>
0
<




Hillside Road (RM 15.6) Fish and Macroinvertebrate Trends
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INVERTEBRATE COMMUNITY INDEX (ICI)
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Ohio Large Rivers

- ) Bioassessment:
2 1 1979 - present
S ey
'%isﬁ? 2SI e « Multiple stressors
R % (point & nonpoint
P 2 sources, habitat,

hydromodification)
Y e Intensive survey

f* ﬁ” design

¢  Repeat samplings >1to
5-10 years; supports
before & after
assessments

 Aggregate assessment
for waterbody subclass
(>150-500 mi.?)
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Severe Bank Erosion
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American Fisheries Society Symposium 45:000-000, 2005
© 2005 by the American Fisheries Society

Changes in Fish Assemblage Status in Ohio’s
Nonwadeable Rivers and Streams over Two Decades

CHris O. YODer! AND EDwARD T, RANKIN

Midwest Biodiversity Institute and Center for Applied Bioassessment and Biocriteria
Post Office Box 21561, Columbus, Ohio 43221-0561, USA

MARC A. SMITH, BRIAN C. ALSDORF, DAVID J. ALTFATER, CHARLES E. BOUCHER,
ROBERT J. MILTNER, DENNIS E. MISHNE, RANDALL E. SANDERS, AND
ROGER E THOMA

Ohio Environmental Protection Agency, 4675 Homer Ohio Lane, Groveport, Ohio 43125, USA

Abstract.—A systematic, standardized approach to monitor fish assemblages has been
applied in Ohio’s rivers since 1979. A primary objective is the assessment of changes in
response to water pollution abatement and other water quality management programs.
All major, nonwadeable rivers were intensively sampled using standardized electrofishing
methods and a summer—early fall index period. Most rivers were sampled two or three
times, before and after implementation of pollution controls at major point source
discharges and best management practices for nonpoint sources. A modified and calibrated
index of biotic integrity (IBI) was used to demonstrate and evaluate changes at multiple



INDEX OF BIOTIC INTEGRITY (1BI)
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O Approximate location of ambient sampling station. ‘
@ Approximate location of mixing zone and/or effluent N
sampling station. i
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Figure 4.. The 1996 middle Scioto River study area showing principal streams and tributaries

population centers, major pollution sources and environmental monitoring stations.



Application of Biocriteriain Complex Settings

1. Free-flowing river 2. Impounded river (MWH
(WWH use designation): use designation):
Upstream from urban Within urban area ECBP
area ECBP Ecoregion - Ecoregion - Boat site type:
Wading site type: IBl = 30

IBI = 40 Miwb = 6.6

Miwb = 8.3 ICI = N/A

ICI =36 )

\\_IM

Limiting Factors: —CS0s—
 chemical water quality Limiting Factors:
 physical habitat  physical habitat
« flow/energy dynamics  energy/flow dynamics

» chemical water quality

Flow Direction >

3. Free-flowing river
(WWH use designation):
Downstream from urban
area

ECBP Ecoregion - Boat site

type:
IBI = 42
Miwb = 8.5
ICI = 36

WWTP
[ —

Limiting Factors:
» chemical water quality
» energy/flow dynamics
» physical habitat



Resurrecting the Concept of the Pollution
Impact Continuum in Rivers: It Still Exists

Flow

Toxicant

Biocriterion

Concentration/Biological Index or Metric

RIVER MILE
After Bartsch and Ingram (1967)



Demonstrating Changes Through Time:
Scioto River 1980 - 1994

Scioto River: Columbusto Circlevile
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Demonstrating Changes Through Time: Scioto River (1979 — 1996)
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Jackson Plke WWTP 75 MGD
Columbus Southerly WWTP — 125 MGD
Comblned 200 MGD = 90-95% of summer base flow

H.

LEVEL 3: Lnadlngs nf ammnnla
BOD, etc. are reduced

— ) D'-i:.'S Auerage Perrrit Limit
— ".eek Awerags Permit Limit

B AT N SO 4 3 Columbus Southerly WWTP
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Measuring and Managing Environmental
Progress: Hierarchy of Indicators

1. Management action

S

2. Response to management

3. Stressor abatement

4. Ambient conditions

5. Direct exposure to effects

of pollution

6. Biological response

.

Endpoint of Concern: “ecological health”

\

>

-

s

Administrative indicators
[permits, plans, grants, enforcement,
[technologies used, BMPs installed]

Stressor indicators
[effluent reduction, changes in
land-use practices]

Exposure indicators
[pollutant conc., flow or physical
habitat alteration, assimilation
and uptake of pollutants,
reduced spawning habitat,
nutrient dynamics changes,
sedimentation effects, etc.]

Response indicators
[biological metrics, multimetric
indexes, target species, other
biological measures]




AOELT

RN R

BIOLOGICAL RESPONSE
SIGNATURES: Complex Toxic vs.
Agric. NPS (Row Crop)

PRIMARY: Complex Toxic

SECONDARY: All (n =106)
VS,

PRIMARY: Agricultural NPS

SECONDARY: All (n =381}

N

HELP/ECBP Ecoregions

after Yoder and Rankin (1995)
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Linking Biological Responses to Stressors

Biological
Response A

Alterations, Biological
Response B

~—~~
2

~—
Q
2]
c
o
o
7p)
Q

ad

Stressor(s)

Human activity: . Altered water , Biological
“the drivers” resource features endpoint
“stress & exposure”’




Good quality biological data and a
process for using it is essential for
Improving the management of aquatic
resources and bringing policy and
legislation into the 215t Century




